Phonetic imitation has been explored in various research: in studies on impersonation (Zetterholm 2001) ; spontaneous phonetic imitation (Babel 2012); and as part of studies investigating overall imitation (Papcun 1988; Babel 2011) . There are fewer studies focusing on specific phonemes, and the context required for successful imitation. Babel (2012, 186) (Am.English) and Zetterholm (1997, 281) (Swedish) found spontaneous imitation was more common in the open vowels than in close. A case study by Zetterholm (1997, 275) of one impersonator shows formant measurements as closer to the target voice than that of the impersonator. This paper presents a comparative acoustic analysis of imitation of unfamiliar phonemes by untrained imitators, based on a small study containing recordings from SWEDIA and SUF. Vowel tokens are edited to 3 lengths with varying degrees of context. Listeners are asked to imitate the sound, and attempt to use it in a word. Acoustic analysis of F0, 1, 2 and 3 will be compared to the original recordings as well as the speakers' own speech. The conclusion and discussion includes indications of how easy it is to produce phonemes when they are not native to a speaker's own variant, as well as its relation to the forensic context.
INTRODUCTION
Phonetic imitation has been explored in various research: in studies on impersonation (Zetterholm 2001) ; spontaneous phonetic imitation (Babel 2012) ; and as part of studies investigating overall imitation (Papcun 1988; Babel 2011) . There are fewer studies focusing on specific phonemes, and the context required for successful imitation. Zetterholm (1997: 281) and Babel (2012: 186) discuss spontaneous imitation of phonemes in speech, and conclude that open vowels are more commonly imitated spontaneously. The present study focuses on the close vowels, asking participants to pay close attention to these and deliberately imitate these phonemes in isolation or narrow contexts. This is a small-scale study intended to give first indications of speakers' abilities to imitate phonemes that they may not be familiar with, in a reasonably context-free situation.
The tokens used in this study were close front vowels, /i/, /y/, /Y/, /e/ and /u/, all of which are contrasting phonemes in Swedish dialects and often peripheral among urban youths, especially in some Stockholm varieties. This is one of the reasons why the close front vowels were chosen for this study, as they are so commonly used and may be categorized differently by listeners with varied linguistic backgrounds. Flege (2003: 322) reports on research on some of the same close front vowel sounds, the continuum /i~y~u/ in synthetic French and the perception of these vowels by English and Portuguese speakers. The participants both identified and imitated the /y/ in accordance with their L1 phonology -English speakers as /u/ and Portuguese as /i/. Flege (2003: 323) further discusses the reasoning behind this categorization with the help of theories such as the Perceptual Assimilation Model (PAM) and the Native Language Magnet model (NLM), as well as Flege's own Speech Learning Model (SLM) where it is stated that a speaker cannot fully distinguish the phonetic system of the L1 and L2, and that the underlying phonology capacities used in the L1 acquisition is constant throughout the lifespan, however the learner may with time and exposure acquire a greater ability to correctly categorize L2 tokens.
It is entirely reasonable to assume that the same assumptions hold true for the learning or acquisition of an unfamiliar dialect variety; the methods for acquiring what can essentially be thought of as a different phonological system in some sense should remain the same as for a new language; providing the new, unfamiliar variety is different enough from the native variety.
The present study sets out to test whether there are grounds for this in a subset of a relatively unknown language variety, and whether there is a relationship between the ability to identify (or categorize) and imitate these phonemes.
METHOD Data

Original Data
Recordings from the SUF corpus were used. These consist of speech of urban teenagers in Sweden, and more specifically Stockholm, with different language backgrounds and exposures. They all display some of the traits often considered typical to Stockholm speech. The main emphasis of the current study was not, however, the exact linguistic profile of the speaker, but the imitators' ability to identify and imitate the sounds produced. Table 1 below shows the speakers, their approximate geographic/linguistic background, age and gender. The relevant tokens were extracted from the SUF recordings using Audacity 2.0.2 and played to the participants through an online survey tool (built in the University of Gothenburg virtual learning environment tool GUL) through Creative headphones. 20 tokens were selected from a larger sample, please see Table 2 below for a list of tokens: N.B. token 14 was removed from the analysis as it is a loan word and can be realized as /e/ or more openly as /ɛ/. Most of the tokens are in a CVC-context as it was deemed that the quality of the recordings and the slight limitation of suitable tokens made any shorter clips too difficult to distinguish.
Participants
Six people participated in this study, all having lived in the Gothenburg area of Sweden for at least 3.5 years. Some were more familiar with other variants of the Swedish language than others. Participants were asked questions about where they have lived and for how long, their linguistic background, including which languages and dialects they feel they are familiar with, whether they have studied linguistics or phonetics, their educational background and whether they consider themselves to be good at imitating other voices and accents -and whether they think others would agree. Table 3 below displays relevant information about the participants. Central Swedish dialect, with influences from Stockholm and Gothenburg.
The participants were recorded using Audacity 2.0.2 and a Creative headset microphone, and the relevant tokens were extracted from the recordings using Audacity.
Imitations
Participants were asked to imitate the phoneme(s) played to them in the online survey. They were able to repeat the sound as many times as required. They were asked to imitate it in isolation if possible, or within the context in which it was played to them (if relevant) or as part of a word.
These imitations were then compared acoustically to the original tokens using Praat version 5.3.32.
Identification
As the participants imitated the phoneme (as above), they were also encouraged to tell the researcher which sound they thought it closest to. Some participants needed no encouragement to do so ('this sounds kind of like a…'). They were also asked to put the phoneme into a word they might use, in writing and spoken out loud, in their own language variety or a different one. Using Table 4 above, we can see some trends towards which vowels are most commonly mistaken for each other; /i/ is predictably mistaken for /I/ a large number of times, but there are more unexpected results where /u/ is misidentified by every participant more than once, or where /i/ is mistaken for /Y/ by all participants.
RESULTS
Identification of Phonemes
There is some influence on the words the participants chose to insert the phoneme into, and the original context of the phoneme. For example, token 19 was produced as /lys:/ -and four participants used the word lyssna ('listen') and one used nyss ('just then'). This was an expected, yet interesting effect: is it reasonable to hypothesize here that there is some cut off between a phoneme being virtually non-understandable and a listener being able to make sense of it and place it into a for them reasonable category.
Imitation of Phonemes
When participants were asked about their own ability to imitate accents and voices, most answered modestly, along the lines of 'not great' or 'moderately'; apart from one participant who claimed to be 'reasonably' able to do so. Verbally they all stated that some dialects are easier to imitate than others (some gave examples; some fairly geographically specific), and that it is easier to try to imitate in fluent speech (spontaneously) rather than to attempt individual phonemes or words. This was also reflected in their comments at the end of the survey, where they were asked whether some sounds had been easier to imitate than others -all participants reported that the longer clips or those with more consonantal context were easier.
DISCUSSION
One of the limitations of this study lies in the design of the experiment -all participants commented on how difficult it was to imitate, or even identify some of the shorter phonemes; especially those with no consonant context. However, the conclusion could here be drawn to the (perhaps self-perceived) lack of listener ability to identify a sound out of context, and that more experiments carefully designed to test this in a more realistic forensic setting should be encouraged.
Individual differences in ability has not been taken into account in this paper -the participants' hearing was not tested, nor their actual familiarity with different Swedish dialects (as opposed to self-perceived).
This small-scale study has given rise to a number of further research questions, both on the current materials but also in terms of expanding the data set and developing the methodology. Detailed phonetic and acoustic analysis of the imitations will be carried out and normalized against the original data. A larger study where further contexts are tested, using more of the same tokens but at different lengths, and with more realistic contexts for the participants. In the present study participants were able to listen to the phonemes as many times as they wished, and although this is not forensically ecological, it was deemed necessary due to the nature and difficulty of the task.
